Many studies exist in the literature of scale and scope economies in institutions of higher education employing multi-product cost functions of quadratic, constant elasticity substitution (CES), or hybrid translog form. A single product cost function is normally considered inadequate and yield distorted results. Both quadratic and single product cost functions have been applied to university data from China's Ministry of Education (MOE). This study compares those two methods and their statistical results and finds that ray economies of scale from these two cost functions are quite similar though the single product cost function which can not be used to calculate product-specific economies of scale or economies of scope.
that the standard translog cost function is not suitable for this study, because it does not permit any zero output. So it can not compute the average incremental cost and economies of scope defined below. Thus, the function is of the following form: 
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where TC is the total cost of producing k products; a 0 is a constant; a i and b ij are coefficients associated with various output variables; Q i is the output of the i-th product; c 1 , c 2 , and c 3 are the coefficients of input factor average faculty salary FS, the interaction between faculty salary and Q i and the square of average faculty salary; the coefficient of CSIZE is d, where CSIZE is the ratio of numbers of students and teachers; and V is a random error term.
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Economies of Scale and Scope for Multiple Outputs
Generally, like U.S., Great Britain, Australia, Japan, Turkey, etc., China's higher education also can be seen as multi-product organization. This study uses three products to characterize China's institutions of higher education: Q U -undergraduate students, Q G -graduate students, and Q R -research activities.
Definitions of economies of scale and economies of scope were provided by Baumol et al. (1982) . Following Baumol et al. (1982) ; Cohn et al. (1989); De Groot, McMahon, and Volkwein (1991) ; Nelson and Heverth (1992) ; Dundar and Lewis (1995) ; R. K. Koshal and M. Koshal (1999; ; and Laband and Lentz (2003) , this paper first defines the average incremental cost (AIC) for undergraduate output as:
where TC{Q U , Q G , Q R } is the total cost of producing Q U units of undergraduate students, Q G units of graduate students, and Q R units of research; TC{0, Q U , Q G } is the total cost when output for product U is zero. Similarly, average incremental costs for products G (AIC G ) and R (AIC R ) are defined. As in the case of a single product, economies of scale are measured by the ratio of average to marginal costs. Economies of scale are said to exist when this ratio is greater than one. Baumol et al. (1982) made a distinction between two different types of economies of scale: ray-economies and product-specific economies of scale. The product-specific economies of scale for product U are defined as
where MC U = ∂TC/∂Q U is the marginal cost of producing product U. If E U is greater (smaller) than one, economies (diseconomies) of scale are said to exist for the product U. Ray (overall ) economies of scale (RE) may exist when the quantities of all products are increased proportionally. Ray economies of scale are defined as follows:
Ray economies (diseconomies) of scale are said to exist, when RE is greater (less) than one. In any production process, economies of scope are present when there are cost efficiencies to be gained by joint production for multiple products, rather than by being produced separately (Panzar & Willig, 1981) . Following Dundar and Lewis (1995) ; Hashimoto and Cohn (1997) ; R. K. Koshal and M. Koshal (1999; , economies of scope are divided into global and product-specific economies of scope. The degree of global economies of scope (GE) in the production of all products is defined as
Global economies (diseconomies) of scope are said to exist, if GE is greater (less) than zero. Cost advantages due to production of each product jointly with the other outputs are called product-specific economies of scope (PSE), for example, for product U, this is given by
Product-specific economies (diseconomies) of scope associated with product U are said to exist, if PSE U is greater (smaller) than zero.
Single Product Cost Function
Following Cohn et al. (1989) , a single product model can be written in a form similar to that of a quadratic cost function:
where the scalar 0.5 has been omitted for simplicity; C is the total cost of producing Y outputs of product; a 0 is a constant; b 1 and b 2 are coefficients associated with output Y and input factor W variables. Unlike Cohn et al. (1989) , this study calculates Y through weighted values of undergraduate and graduate students: The procedure is discussed below. W is set equal to average faculty salary (FS). The coefficients of Y squared and W squared are c 11 and c 22 ; c 12 is the coefficient of interaction between Y and W. U is a random error term.
For the single product model, Cohn et al. (1989) used (Q U + Q G ) as the proxy for Y, where the number of graduate students is added directly to that of undergraduate students. This study thinks that this treatment is inappropriate because graduate and undergraduate students are not homogenous and represent different costs and outputs; otherwise, this paper does not need to distinguish them in the multiple outputs case. According to Baumol et al. (1982) , earlier approaches for single-product techniques involved aggregation of the different outputs of the firms into a single measure, the "scalar output", using value weights, value-added weights, or weights related to some physical characteristic of the various outputs, such as size. So unlike Cohn et al. (1989) , this study gives weights to every graduate student. Specifically, this study lets one graduate student equal 7.22 undergraduate students.
3
Economies of Scale and Scope for Single Output
According to the definition of economies of scale for a single output, economies (diseconomies) of scale occur in the region, when the average cost is decreasing (increasing). The average cost is C/Y:
while the condition for the decreasing (increasing) C/Y is that the first partial derivative
is less (greater) than zero. The first partial derivative is as follows:
so economies (diseconomies) of scale are said to exist when (3') is less (greater) than zero. When (3') is equal to zero, economies (diseconomies) of scale are exhausted. Additionally, economies of scale (RE) may exist, when the quantities of the product are increased proportionally. Following Baumol et al. (1982) , economies of scale are defined as follows:
Ray economies (diseconomies) of scale are said to exist when S is greater (less) than one. The strength of this formula is that this study can compute the degree of economies of scale.
Because there is only one single output here, there is no distinction between ray-and product-specific economies of scale. Similarly, economies of scope including global and product-specific economies of scope cannot be calculated.
4
Data
As of 2000, there were 1,041 regular institutions of higher education in China, enrolling 5,560,900 students. Among these institutions of higher education, there were 116 universities under central ministries and agencies and 925 institutions under local authorities. In the 116 universities, there are 72 institutions under Ministry of Education (MOE, 2004) , enrolling 868,009 students (Development Department of the Ministry of Education, 2000). Unfortunately, data availability for this study is quite limited. The data used here came from the cross-sectional gathering of data of universities under MOE. This paper argues that the universities in this sample are all research oriented. According to the evaluation of Chinese universities for 2000 and the "211 project" plan, the research performance of universities in the sample is at the top of 7% of Chinese universities (Wu, Lu, & Guo, 2001; China Education and Research Network, 2004) 5 . The data included information on appropriate funds from MOE, expenditure for teaching and research, expenditure for personnel, the numbers of all kinds of students, the administrative and financial conditions of universities, etc. The consistent and usable sample size is 74 universities. 6 As to the homogeneity of outputs, this paper suggests that all the sample universities have similar goals in teaching and research. As R. K. Koshal and M. Koshal's study (1995) showed, the output quality is important variable in explaining the average total cost and output relation. This study has not controlled the quality differences because of data limitation. While future work should probe this matter further, the present study will focus exclusively on obtained for the pooled sample universities. In higher education, as pointed out by Cohn et al. (1989) , there is no consensus on appropriate measures of output. For the purpose of our analysis, this study assumes three outputs in higher education: (1) first degree graduates represented by the number of full-time equivalent undergraduate students (Q U ); (2) advanced degree graduates represented by the number of full-time equivalent graduate students (Q G ); and (3) the level of research output indicated by research expenditure measured in Yuan (Ren Min Bi, Q R ). Q U includes all undergraduate students enrolled as freshmen, sophomores, juniors, and seniors. Q G includes all master's and doctoral students. The measurement of research output is controversial. Although no direct measure exists, the use of an input (research expenditure) as an indicator of research output (such as publications, research reports, patents, public lectures, and other results of one's research work) is contentious. In its defence, one would note that research grants are in general awarded to meritorious groups of researchers on the basis of the quality and quantity of their previous work. Although in some instances, research funds are expended for other than research (e.g., training), and, further, while research can proceed without outside grants, etc., there should be a high correlation between research output and research expenditure. In the absence of a better alternative, the 4 Or it can be said that the calculations of economies of scope (both global and product-specific) are the same as multi-product model. What people need to do is just to divide output Y into original undergraduate and graduate student numbers. That means that it transforms from single output model to multi-product model. 5 The research performance is measured by scores of natural sciences and social sciences based on all kinds of research activities (like publications, patents and research income, etc.). Although the sample size is not large, the universities under MOE are quite different from others. So the author felt that the information from this sample is quite important despite its shortcomings. 6 There are 72 universities under MOE in 2000 and three of them have two school districts located in different places. The data are reported separately and independently for those different districts. Besides, there is one university's data missing. So the usable sample size is 74 observations. 52 best available measure for this study is the amount of research funds that the faculties expend. The total cost variable used here (TC) is measured by each university's current expenditure for teaching and research. Definitions of variables and some basic descriptive statistics for multi-and single-output cases in this study are presented in Table 1 and Table 2 . This paper does not use the dummy variables for undergraduate teaching, graduate teaching, or research activities, because all of the sample universities are engaged in all these activities. Note. a in the sample universities data, the teacher number used here includes both teaching and research faculties. 
Statistical Results
Multi-product Model
Using the above data and applying multiple regression techniques, this study first estimates the quadratic multi-product cost function like equation (1). The results from estimating the three-output FFCQ functions are given in Table 3 . Equations (7), (8), and (9) in Table 3 are different forms of three-output FFCQ functions like equation (1). The values on the right of the coefficients are t-values and its significance. Adj-R 2 is the coefficient of determination adjusted for the degree of freedom. The F-ratio tests the overall fit of the equation.
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Equations (7), (8), and (9) are as follows: Statistically, the results of equation (7) in Table 3 are significant with the exception of the relevant coefficient on
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After adding average faculty salary (FS) in equations (8) and (9), the coefficients of Q G and Q 2 G become insignificant. This study suggests that this should be caused by too many variables estimated in a function with a relative small sample size. But this has not told the entire story about the relationship between the cost and output. Equation (8) includes average faculty salary as proxy for input factor price. Because faculty salaries constitute a high proportion of the total cost of higher education, they are the dominant factor cost. Equation (9) includes both average faculty salary (FS) and students per teacher (CSIZE). 54 Following R. K. Koshal and M. Koshal (1999; , the residuals of each equation were tested for heteroscedacity. The Breusch-Pagan-Godfrey test (Gujarati, 1995) was applied to the residuals of equations (7)-(9). Equation (7) excludes average faculty salary (FS) and students per teacher (CSIZE). Although its results are statistically significant and the coefficients have the expected sign, this test shows the presence of heteroscedacity.
The Breusch-Pagan-Godfrey test indicates that the residuals of equation (8) as well as those of equation (9) are homoscedastic. Consequently, the coefficients of these equations can be regarded as unbiased and efficient. By virtue of the higher Adj-R 2 and full variables employing for equation (9) than for equation (8), this paper has focused the discussion that follows on the results from equation (9) and used it as a basis for the various calculations of economies of scale and scope. A main problem for the multi-product case is that there is no direct analogy to the "average cost" concept in the single product case (Cohn et al., 1989; Hashimoto & Cohn, 1997 ; R. K. Koshal & M. Koshal, 1999; . However, as discussed earlier, the nearest analogy is provided by the average incremental cost (AIC). The AIC computation is based on the formulas specified in equation (2). 7 The estimates for the values of ray and product-specific economies of scale are obtained from the formulas specified in equations (3) and (4). The results are summarized in Table 4 . From equations (3) and (4), ray and product-specific economies of scale occur, when the scale coefficient is greater than one. The above results suggest that there exist diseconomies of scale for undergraduates and graduates at all levels of outputs. Research activities exhibit economies of scale at all levels of output. For ray economies of scale, there exists a critical (threshold) level for the output. Ray economies of scale appear only apply, when the output level is equal to or smaller than 160% of the mean output value; and ray diseconomies of scale are shown when the output level is greater than 160% of mean output value.
Estimates for the values of global and product-specific economies of scope are obtained from the formulas given in equations (5) and (6). The results are summarized in Table 5 . According to equations (5) and (6), global and product-specific economies of scope arise when the coefficients of economies of scope are greater than zero. The above results suggest that there exist global economies of scope and economies of scope for undergraduate and graduate students at all levels of outputs. For research activities, there exists a critical level of output for economies of scope: Economies appear only when the level of output is less than 180% of the mean output value; diseconomies arise when the output level becomes equal to or greater than 180%.
Single Product Model
For the single product model, using data with only one output, this paper estimated the results for model (1') as follows (standard error in parentheses): 
The results for different levels of mean outputs are summarized in Table 6 . An alternative measure of economies of scale for a single output is suggested by Baumol et al. (1982) . For this, estimates for the values of economies of scale are computed based on the formula shown in equation (4'). The results are also summarized in Table 6 .
As stated earlier, economies (diseconomies) of scale are said to exist when (3') is less (greater) than zero. When (3') is equal to zero, economies (diseconomies) of scale are exhausted. According to equation (4'), ray economies (diseconomies) of scale occur, when the scale coefficient is greater than one. The above results indicate that there exists a critical (threshold) level for the single output Y. Economies of scale only apply when the output level is smaller than 160% of mean output value and diseconomies of scale are present when the output level is equal to or greater than 160% of mean output value. This finding is also consistent with the results from equation (3'). The marginal cost for the single output Y varies between 9,186 Yuan (RMB) and 15,125 Yuan (RMB). The average cost varies between 10,995 Yuan (RMB) and 24,497 Yuan (RMB).
Comparison of Single and Multi-product Models
According to Table 4 , ray economies of scale for the three-output model apply only when the output level is equal to or smaller than 160% of the mean output value; and ray diseconomies of scale are present when the output level is greater than 160% of the mean output value. At the critical level of 160% of mean output value, there are 17,263 undergraduate students (Q U = 17.263 thousand) and 3,390 postgraduate students (Q G = 3.39 thousand). These numbers correspond to the weighted value for Y in the single product case of: Y = 17,263 + 7.22 × 3,390 = 41,739 According to Table 6 , ray economies of scale for the single output model apply only when the output level is smaller than 160% of the mean output value and diseconomies of scale are present when the output level is 57 equal to or greater than 160% of the mean output value. At the critical level of 160% of mean output value, there are about 40,136 students, which is quite close to the results for the three-output model, within 4% of the number derived from the three output model.
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From this comparison, it appears that there is no significant difference between multi-and single product models results for ray economies of scale. The only shortcoming for the single product model is that economies of scope including global and product-specific economies of scope cannot be calculated. If results of economies of scope are wondered, the author has to change from the single output into two or multi-product model. 10 Of course, there is no distinction between ray-and product-specific economies of scale for the single output.
Conclusions
The primary concern in this study was to examine whether economies of scale and scope existed in China's research universities which are under MOE; and if they did exist, to what extent and what effect. This study employed both multi-product quadratic and single product cost functions and compared the results from these estimates. The main findings show that there exist ray economies of scale below 160% of mean output levels and ray diseconomies of scale only above 160% of mean output levels. This is confirmed by both the three-output and single output model. That suggests that there is still space to save cost through increasing the average size of the universities under MOE. For the larger universities in which total weighted student number is over about 40, 739 , cost inefficiencies may appear. These results are comparable with previous studies of Dundar and Lewis (1995) ; Cohn et al. (1989) ; Hashimoto and Cohn (1997) ; R. K. Koshal and M. Koshal (1999; ; Laband and Lentz (2003) ; Hou et al. (2009); Duch et al. (2010) ; Worthington and Higgs (2011); and Khan (2012) .
The presence of product-specific economies of scale for research activities but not for undergraduate and graduate students implies that research activities should be more highly concentrated in a small number of institutions, while the teaching activities should be more decentralized in a large number of universities. In summary, given the level of total input resources, greater economies could be realized by reallocating outputs across universities.
The findings on presence of global economies of scope and product-specific economies of scope for undergraduate and postgraduate students at all levels of outputs show that the synergies of teaching and research activities could save cost. This provides evidence to support for the commonly belief of the multi-dimensional nature of higher education system. Besides, the results imply that for research, product-specific economies and diseconomies of scope exist depending on the output level. They vary at a value of 180% of the mean output which means that the joint production of teaching and research may cause inefficiencies after certain level of outputs.
Overall, the study indicates that the universities under MOE in China could benefit economically from economies of scale and scope. For ray economies of scale, there is no definite evidence to exclude the use of the single product model. The results from both single and multiple output models do not differ significantly. So, if all the data required for the three-output model are not available, either through limitation of the data-set or reliable information on research output, the single-equation model can also give a simple and approximate estimation. This suggests that more new empirical studies of the single product cost function should be undertaken.
